Summary. The 
Introduction
After a single dose of ethylene dimethanesulphonate (EDS) the Leydig cells in the testes of adult male rats are completely destroyed within 72 h (Kerr et al, 1985; Molenaar et al, 1986b; Bartlett et al, 1986; Jackson, N. C. et al, 1986; Jackson, A. E. et al, 1986; Morris et al, 1986; Teerds et al, 1986) . During the first 2 weeks after this treatment there are no morphologically recognizable Leydig cells in the testis and the testosterone concentrations in the testis and in plasma are hardly detectable, despite high peripheral levels of gonadotrophins (Bu'Lock & Jackson, 1975; Bartlett et al, 1986; Jackson, A. E. et al, 1986; Molenaar et al, 1986b) . During the 3rd and 4th week, however, an increasing number of cells with morphological features of Leydig cells can be recog¬ nized in the testes and the testosterone concentrations rise (Kerr et al, 1985; Bartlett et al, 1986; Jackson, A. E. et al, 1986; Jackson, N. C. et al, 1986; Molenaar et al, 1986b; Morris et al, 1986 ). Subsequently, these new Leydig cells transform into normal adult Leydig cells. This process is completed within 10 weeks after treatment with EDS (Kerr et al, 1987) .
It has been suggested that the development of Leydig cells after treatment with EDS might be different from the normal maturation during puberty, since the Leydig cells which repopulate the interstitium 3 weeks after EDS treatment have a number of morphological characteristics which are also found in the Leydig cells of fetal testes (Kerr et al, 1985 (Kerr et al, , 1987 Bartlett et al, 1986; Jackson, . E. etal, 1986 (van der Molen et al, 1975; Rosness et al, 1977) . This increase in testicular 5a-reductase is accompanied by a rise in plasma 5a-androstane-3a,17ß-diol (3a-androstanediol) (Moger, 1977; Corpéchot et al, 1981) . Another enzyme which can be used as a marker enzyme for a late stage of Leydig cell development is non-specific esterase (Meyer et al, 1974; Molenaar et al, 1986a) . In this study we The testicular 5a-reductase values of EDS-treated rats 30 days after injection were also compared with those of untreated immature and mature rats: 5 adult male rats (4 months of age) received a single injection of EDS and 4 control rats were injected with vehicle only (0-2 ml/100 g). At 30 days after treatment the animals were decapitated and their testes were removed and weighed. Simultaneously, 4 rats of 30 days of age were killed.
Measurement ofenzyme activities. Testes were decapsulated and homogenized with a Teflon-glass homogenizer in Tris buffer (100 mg tissue/ml buffer). The composition of the buffer was: 50 mM-Tris, 5 mM-EDTA, 50 uiM-NaCl, 5 mM-MgCl2 and 0-5 mM-mercaptoethanol (pH 7-4). The steroid 5ct-reductase (EC 1.3.1.99) activity was estimated by measuring the production of [3H]5a-dihydrotestosterone, [3H]5a-androstane-3a,17ß-diol and [3H]5a-androstane-3ß, 17ß-diol after incubation of 10 mg tissue for 15 min at 37°C in 1 ml of buffer containing [3H]testosterone (0-67 µ ) and an NADPH-generating system. Incubations were terminated by adding 3 ml cold ethylacetate containing 10 pg 5a-dihydrotestosterone, lOpg 3a-androstanediol and lOpg testosterone. After collecting the ethyl acetate layer, the incubation medium was extracted twice more with ethyl acetate. Extracts were chromatographed on silica gel plates with chloroform-acetone (85:15 v/v). Areas corresponding to 5a-dihydrotestosterone, 5a-androstane-3a,17ß-diol, 5a-androstane-3ß,17ß-diol and testosterone were extracted and radioactivity was measured. Recrystallization to constant specific activity showed that the samples were at least 95% pure. For a comparison of 5a-reductase activity in the testes from 30-day-old rats and from adult rats 30 days after EDS, a saturating concentration of 50 µ -testosterone was used. Non-specific esterase activity was measured as described by Rommerts et al (1973) .
Androgen determinations. The serum concentrations of testosterone and 3a-androstanediol were estimated by radioimmunoassay after chromatography on thin-layer silica gel in a chloroform-acetone system (85:15, v/v) (Verjans et al, 1973; Meijs-Roelofs et al, 1985) . The antisera against testosterone and androstanediol were as described by Verjans et al (1973) A comparison of testicular 5a-reductase activity in testes from normal 30-day-old rats and from adult rats showed that the 5a-reductase activity (expressed as the sum of nmol 5a-dihydrotestosterone, 5a-androstane-3a,17ß-diol and 5a-androstane-3ß,17ß-diol formed per min per g testicular tissue) was 30-fold lower in adult rats (0-65 + 0-26 nmol/min/g, mean + s.e.m.) than in 30-day-old rats (19-3 ± 1-1 nmol/min/g). At 30 days after treatment of mature rats with EDS the 5a-reductase activity (3-80 + 1-7 nmol/min/g) was 6-fold increased when compared to untreated controls but 5 times lower than in immature animals.
In testes of adult EDS-treated rats many newly formed Leydig cells contained large lipid droplets in their cytoplasm 30 days after EDS administration (Fig. 2) . Leydig cells from 30-day-old (pubertal) rats also contained many lipid droplets in the cytoplasm (Fig. 3) , but the nuclei of these cells appeared to be smaller than in the newly formed Leydig cells 30 days after EDS administration.
Discussion
The results of the present study confirm that, after administration of EDS to adult male rats, the Leydig cells are eliminated and that serum concentrations of androgens are low for more than 14 days. Due to the appearance of new Leydig cells, a gradual restoration of serum androgens occurs (Morris & McCluckie, 1979; Bartlett et al, 1986; Molenaar et al, 1986b) . The temporal changes in serum 3a-androstanediol concentrations, however, were markedly different from those of testos¬ terone. The concentration of 3a-androstanediol showed a transient rise with the highest level on Day 35. The alterations in the serum level of 3a-androstanediol closely followed the changes in testicular 5a-reductase activity and confirm that the activity of the 5a-reductase is of major importance for the secretion of 3a-androstanediol (Purvis et al, 1980) .
The elevated serum concentration of 3a-androstanediol and the high 5a-reductase activity during the regeneration of Leydig cells after EDS are reminiscent of the high levels of plasma 3a-androstanediol and 5a-reductase found in pubertal male rats around Week 5 of life (van der Molen et al, 1975; Rosness et al, 1977; Corpéchot et al, 1981) . Since it is well established that the activity of the 5a-reductase and 3a-oxidoreductase is much higher in interstitial cells than in seminiferous tubules (van der Molen et al, 1975; Yoshizaki et al, 1978) , most of the testicular 5a-reduced metabolites are produced and secreted by the interstitial cells. Nevertheless, the regenerating seminiferous tubules might also have contributed to the rise in testicular 5a-reductase and serum 3a-androstanediol (Welsh & Wiebe, 1978) . In pubertal rats the serum 3a-androstanediol concentration is about 2-fold higher than that of testosterone, whereas in the serum of mature rats treated with EDS 3a-androstanediol values were lower than testosterone concentrations. This difference in androstanediol testosterone ratio between immature rats and EDS-treated rats is probably caused by the fact that the 5a-reductase activity in the testes of pubertal rats is appreciably higher than in EDS-treated rats. The relatively low specific activity of 5a-reductase in the testes of EDS-treated rats can be explained by the lower Leydig cell numbers in EDS-treated rats. Data presented by Bartlett et al (1986) and Kerr et al (1987) indicate that the number of Leydig cells per gram of testis is smaller in EDS-treated rats than in their adult controls. This finding and the observation that the Leydig cell concentration in the testes of pubertal rats is higher than in adult rats (Zirkin & Ewing, 1987) (Jackson & Morris, 1977; Bartlett et al, 1986; Molenaar et al, 1986b) , since administration of gonadotrophins to immature rats causes a strong reduction in the testicular 5a-reductase (Ficher & Steinberger, 1979) . Finally, it may also be possible that after treatment with EDS only a part of the total Leydig cell population develops according to a pubertal developmental pattern, in which 5a-reductase activity is transiently expressed.
Parallel changes in esterase activity after EDS treatment and during normal pubertal develop¬ ment were found. During pubertal development the esterase activity is low during the first 26 days of age. Then, a marked increase in enzyme activity occurs until adult values are reached around Day 70 (Meyer et al, 1974) . In the present experiment, the gradual rise in esterase activity takes place between Days 25 and 76 after EDS and shows that the complete development from precursor cells into 'mature' Leydig cells takes more than 25 days.
The temporal changes in steroid concentrations and enzyme activities after EDS, and the fact that fetal and neonatal rat testes have a very low 5a-reductase activity (Ficher & Steinberger, 1971; Rivarola et al, 1975; Purvis et al, 1980) , indicate that the Leydig cells which repopulate the testicu¬ lar interstitium after EDS treatment resemble more the pubertal than the fetal-neonatal cell. This conclusion is at variance with morphological studies from which it is suggested that the Leydig cells which develop after EDS mainly follow a fetal-like developmental pattern. In the present study the occurrence of numerous lipid droplets in the Leydig cells of EDS-treated rats was confirmed (Kerr et al, 1985; Bartlett et al, 1986; Jackson, N. C. et al, 1986) , but a large number of lipid droplets was also present in the cytoplasm of most pubertal Leydig cells. Similar observations in pubertal rats were made by Zirkin & Ewing (1987) (Kerr et al, 1985; Jackson, N. C. et al, 1986) We thank P. Landsmeer for secretarial assistance.
